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2011.11.0Abstract Background: Examination of the macroscopic and microscopic appearance of human
hairs is of great importance in forensic investigations.
Objective: The aim of this study is to establish a simple and a low-cost freezing technique for hair
cross-sectioning especially suited for use in developing countries. The devised technique is further
applied for the differential identiﬁcation of microscopic cross-sections of human hairs obtained
from two different body regions (scalp or pubic).
Material and methods: Samples of human hair from both head and pubic regions obtained from
Egyptian volunteers of both sexes. A simple modiﬁed freezing technique was devised for making
cross-sections of the hairs. The modiﬁed steps of this technique are suggested by the author.
Results: There were marked differences between the characteristic regular contours of hair sections
obtained from head hairs as compared with the irregular contours of those from the pubic region.
Conclusions: The devised modiﬁed freezing technique used in the present study can be considered
as a reliable method for making cross-sections of hairs. In addition it is rapid, simple and low cost
compared to other methods; thus making it more suited for use in developing countries.
ª 2011 Forensic Medicine Authority. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
During the course of criminal investigation, many types of
physical evidence are encountered. One of the most common
is hair evidence. Hairs can provide investigators with valuable
information for potential leads.1,2 Hairs especially those of hu-
man origin are among the trace evidence that are inevitably
transferred through contact between individuals or betweenom
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01an individual and a physical location. Microscopic comparison
of hair collected from two different places is used to determine
if the hairs are from the same person or animal. Because hair
can be moved from one location to another by physical con-
tact, the presence of a speciﬁc person’s hair can link a suspect
or a victim to a crime scene.3
Interestingly enough, in most environmental conditions
hair has the advantage that it is practically indestructible, resis-
tant to biological, physical and chemical degradation and usu-
ally persists intact for long periods of time after the soft tissues
of the body have destroyed.4 The study of the macroscopic and
microscopic appearance of human hair is of a great impor-
tance to the medical jurist.5
Hair is extremely variable among both individuals and ra-
cial populations.6–8 Great care must be taken in the use of hairby Elsevier B.V. All rights reserved.
Figure 1 Light micrograph of a frozen cross-section of human
scalp hair: (a) silky type shows a triangular shape with regular
contour, (b) soft type shows circular shape with regular contour,
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tions or help identify an unknown victim.9 Cross transfer of
hair from a victim to a suspect or vice versa may substantially
raise the probability that the victim and perpetrator were in
contact.6 As with most forensic evidence the information ob-
tained from hair is expressed in terms of probabilities of a
match rather than an absolute match.6
The choice of the subject of hair in this study was based on
the fact that the presence of hair on the body of the victim or
the accused or in the scene of the crime is often of particular
value in cases of violent crimes especially sexual crimes such
as rape and bestiality.
The aim of this study is to establish a simple and a low-cost
freezing technique for hair cross-sectioning especially suited
for use in developing countries. The devised technique is fur-
ther applied for the differential identiﬁcation of microscopic
cross-sections of human hairs obtained from two different
body regions (scalp or pubic).
2. Materials and methods
This study was carried out on 45 Egyptian volunteers (25 fe-
males and 20 males) aged from 25 to 35 years old. All subjects
selected for sampling were apparently healthy and free from
localized or generalized diseases. Most of the volunteers are
illiterate and their verbal consent was obtained before the
beginning of the study.
Three groups of hair shaft samples (0.5 cm in length) were
taken from each volunteer:
– The ﬁrst group; was from the scalp hair (nape region); con-
sists of 45 samples of different forms (12 samples silky-
type, 15 samples soft- type and 18 samples curly- type). This
group examined immediately after cutting.
– After 6 weeks; the second group of scalp hair samples (45)
was taken from the same region (nape region) of the same
volunteers to make sure, whether or not the cross-sections
from the regenerated portion of hair (near the root) in the
same region will have the same shape of the previous taken
cross-sections if the criminal tried to change his hair style.
– The third group; was from the pubic hair region; consists of
45 hair samples (curly type) taken from the same
volunteers.
The total number of the examined hair samples was 135
of natural hair colors and different forms (silky, soft and
curly). Each sample was put in an envelope with the name,
date and region of the body taken from to be ready for
examination.
In this study, a simple modiﬁed freezing technique to make
cross-sections of the hair samples is suggested and used by the
present author using the freezing microtome (cryostat; Bright,
5030 microtome, Instrument Company LTD Huntingdon
England).
Steps of the aforementioned freezing technique are as
follows
(1) Temperature of the freezing microtome chamber was
adjusted at 20 C.
(2) Distilled water was put drop by drop using a dropper on
the holder till it formed an ice cone.(3) A bundle of hair was then inserted perpendicular to the
base of the holder in a hole made at the center of the ice
cone apex. The bundle was held in its place by some
drops of distilled water which solidiﬁed instantly.
(4) Frozen sections were cut at 12 l thick using the rotary
microtome.
(5) Sections were taken on a clean glass slide, dried in air
and a drop of Canada balsam was applied and covered
by a cover slip.
(6) Sections were then examined immediately by the binoc-
ular student light microscope and photographed.
3. Results
3.1. Scalp hair
The microscopic examination of cross-sections of the ﬁrst
group revealed that; the shape of the cross-section of the hair
immediately after cutting was greatly affected by the form of
the hair seen by the naked eye. That is to say, the shape of
the silky hair in most examined cases (11 out of
12) = 91.66% was triangular in shape as shown in Fig. 1a,
the exceptional case was oval in shape. The cross-section of
the soft hair in the 15 examined cases = 100% was circular
in shape as shown in Fig. 1b. The cross-section of the curly
hair in all the examined cases (18 cases = 100%) was ﬂattened
or ﬂattened ovoid in shape as shown in Fig. 1c. It is noticed
that the contour of the cross-section of all these forms was
regular.
The microscopic examination of cross-sections of the sec-
ond group revealed that; the shape of the cross-section of the
hair taken from the regenerated portion of the hair near the
root of the same region (nape region) from the same volunteers
after 6 weeks revealed the same results as those obtained from
the microscopic examination of cross-sections of the ﬁrst
group as shown in Fig. 2a–c)
3.2. Pubic hair
The shape of the cross-sections of hair from the pubic region
which is curly type in all the examined samples (45 sam-
ples) = 100% has an irregular ﬂattened shape (ranged from
the irregular triangular to the irregular elongated) as shown(c) curly type shows ﬂattened shape with regular contour.
Figure 2 Light micrograph of a frozen cross-section of human scalp hair: (a) silky type shows triangular shape with regular contour, (b)
soft type shows circular shape with regular contour, (c) curly type shows ﬂattened shape with regular contour.
Figure 3 Light micrograph of frozen cross-sections of human pubic hair- curly type shows the irregular ﬂattened shape (ranged from
irregular triangular to irregular elongated) with irregular contour.
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samples from the pubic region was the irregular contour of
the cross-section. It is noticed that, there was no circular shape
of the cross-section in all the examined pubic hair samples.
4. Discussion
Hairs are the commonest trace material encountered in foren-
sic work. Unlike some other types of biological evidence, hair
is remarkably stable to most environmental conditions, and
will not easily break down. Since it is relatively unnoticeable
to the untrained eye, a criminal is not likely to make a specialeffort to destroy hair evidence. The greatest danger is to have
hair examined by generalists without proper training and
competencies.10
Comparing the technique used in this study with that men-
tioned by Takami et al.11 it was found that the freezing tech-
nique used in this study has the advantage of being simple as
it could be used without extensive preparation of hair prior
to examination of the cross-section. It is done without the
addition of chemicals so it keeps the natural hair color, pre-
serving the melanin distribution and the shape of cross-section
as a whole. It gives rapid results as the obtained sections are
examined immediately after cutting by the light microscope.
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the advantage of being low-cost as freezing of the hair sample
in the ice cone needs only few drops of distilled water and
adjustment of temperature of the freezing microtome chamber
at 20 C.
These advantages are of especial importance for the devel-
oping countries. It was mentioned that, many developing
countries lack technical capacity, sufﬁcient resources and mod-
ern equipment are not available on a regular basis. Therefore
where the equipment is available, it can be ineffective unless
staff is trained to use it, and it is properly maintained. How-
ever, many simple analytical techniques that do not need
sophisticated equipment or expensive reagents could be carried
out in the basic laboratories in the developing countries.12
From the obtained results of this study, cross-section could
differentiate whether the examined sample of hair is from the
scalp or the pubic region. The most important point of differ-
entiation is the contour and the characteristic shape of the
cross-section. That is to say, in the scalp hair the cross-section
has regular contour and triangular shape in (91.66%) of the
examined cases of silky type as shown in Fig. 1a, it has regular
contour and circular shape in all the cases (100%) of the curly
type as shown in Fig. 1c. These results are in agreement with
many authors.5,13–19
While the cross-section of the hair from the pubic region
has the characteristic irregular contour and an irregular ﬂat-
tened shape (the irregularity ranged from an irregular triangu-
lar to an irregular elongated ﬂattened shape) as shown in Fig. 3.
So, from the obtained results of this study cross-section
examined cases (100%) of the soft type as shown in Fig. 1b
and it has regular contourwith ﬂattenedor ﬂattened ovoid shape
in all the examined curly pubic hairs which have the characteris-
tic irregular contour could be differentiated from the character-
istic regular contour of the cross-sections of the curly scalp hairs.
The absence of the circular shape of the cross-section in
pubic hair which is characteristic to the soft-type of hair in
the scalp region could be explained by what was mentioned
that the hair covering the pubic region of all races in both
males and females usually possesses a curly character.14,20,21
Also, from the obtained results of this study, it is noticed
that; there is just repetition change in the shape of the cross-
sections of scalp hair samples examined after 6 weeks from
the same region of the same volunteers as shown in Fig. 2a–c).
So, re-examination of the cross-section from the regener-
ated portion of the hair near the root in the same region after
a certain period of time is considered of special importance to
identify the criminal if he/she tries to conceal the original form
of his/her hair (e.g. if he tries to change his natural curly hair
to the soft style, the cross-section of a sample of his hair would
reveal the characteristic shape of the cross-section of his origi-
nal curly hair).
5. Conclusion
The obtained sections show great difference between the char-
acteristic regular contour of the cross-sections from scalp head
hair region and the irregular contour of the cross-sections from
the pubic hair region; this is of especial importance in cases of
rape and other sexual crimes. Consequently, it provides infor-
mation about the difference between the irregular contour of
cross-section of a sample of curly hair from the pubic regionand the regular contour of cross-section of a sample of curly
hair from the head region.
This study provides information about the importance of
re-examination of the cross-section after a certain period of
time to identify the assailant if he tries to conceal the original
form of his hair.
The suggested freezing technique in this study has the
advantage of being simple, rapid and a low-cost freezing tech-
nique for hair cross-sectioning especially suited for use in
developing countries.
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